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(54) Communication controller

(57) In a communication controller and control devic-
es that are connected to each other via a network, the
transmission timing of a control command is delayed de-
pending on the transmission timing of a noncontrol com-
mand such as a request of obtaining management infor-
mation and working information transmitted to the control
devices, or depending on the transmission timing of re-
transmission of the control command. The present inven-
tion provides a communication controller 120 that com-
municates with one or more control devices 121 via a
network 122, the communication controller 120 including:
a nonperiodic transmission unit 114 that generates a
transmission request at any time; a periodic transmission
unit 115 that generates a transmission request in a con-
stant period; a communication unit 112 that communi-
cates transmission data of each of the nonperiodic trans-
mission unit 114 and the periodic transmission unit 115
with the network 122; and a schedule unit 117 that: trans-
mits transmission content of the periodic transmission
unit 115 to the communication unit 112; computes a com-
munication processing period of time required for a com-
munication process of the nonperiodic transmission unit
114 having issued the transmission request; obtains a
remaining period of time of the constant period of the
periodic transmission unit 115; compares the communi-
cation processing period of time with the remaining pe-
riod of time of the constant period; and transmits trans-
mission content of the nonperiodic transmission unit 114

to the communication unit 112.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a communication controller that communicates with one or more control devices
via a network, and particularly to a technique in which a nonperiodic signal that is irregularly generated is transmitted
while periodically transmitting a periodic signal, or the periodic signal is retransmitted if the transmission fails.

BACKGROUND OF THE INVENTION

[0002] As a configuration of a control system, one or more communication controllers control one or more control
devices via a network. The communication controller transmits a control command and the like to the control devices
via the network. As an example of the network used in such a control system, Ethernet (Registered Trademark), RS-
232C, RS-422, RS-485, CAN (Registered Trademark), DeviceNet, Industrial Ethernet, or the like can be given.
[0003] In a control system in which multiple control devices are connected to each other via a network, it is required
for the control devices to be operated in synchronization with each other depending on application targets. The operation
in synchronization with each other means that the respective control devices are operated in accordance with control
regulations shared in the control system, and that the timing of inputting to a sensor of each control device used for
computations of the control regulations and the timing of outputting from an actuator derived from the control regulations
are always the same among the respective control devices. Accordingly, it is necessary to ensure the synchronization
accuracy in the control system in which multiple control devices are connected to each other via the network.
[0004] As an instance for showing the necessity of the synchronization accuracy, exemplified are industrial robot arms
configured using multiple joints. In the case of the joints configured using servomotors, if the operations of the servomotors
are not synchronized with each other, it is impossible to obtain the desired trajectories of the robot arms. Alternatively,
in the case of working machines configured using multiple servomotors, the processing accuracy varies depending on
the synchronization accuracy of each servomotor. The higher the control performance required for the control system-
becomes, the more the synchronization accuracy between the respective control devices is required.
[0005] The technical development of a real-time communication protocol and a time synchronization protocol has
contributed to the synchronized operations of the control devices configuring the control system.
[0006] Of those, the time synchronization protocol enables time synchronization by transmitting and receiving infor-
mation such as time information and a communication delay among the communication controller and the control devices.
Further, in order to realize the time synchronization protocol, it is desirable that the communication delay is constant,
and less fluctuation of the communication delay is required.
[0007] Therefore, in order to realize the time synchronization protocol, the real-time communication protocol is generally
applied. A combination of the real-time communication protocol and the time synchronization protocol enables time
synchronization among the respective control devices.
[0008] The necessity of the time synchronization on the control device side configuring the control system and the
measures for that have been described above. On the other hand, it is necessary to consider the communication controller
side that communicates with the control devices. This means to ensure the accuracy of the transmission timing of the
communication controller.
[0009] In the case where the respective control devices are operated on the basis of the synchronized time by applying
the time synchronization protocol, not only the synchronization of the respective control devices, but also the synchro-
nization of the transmission timing of the control command in the communication controller is required with a high degree
of accuracy. For example, in the case where communication delays between the communication controller and the
respective control devices are different from each other, some control devices cannot receive the control command from
the communication controller in the same control period.
[0010] This is explained using a concrete example of Fig. 2. The horizontal axis of Fig. 2 represents Time t, and the
communication controller and the control devices 121 each receiving a signal from the communication controller are
illustrated in the vertical direction. The above-described time synchronization protocol is applied between the commu-
nication controller and each control device 121, and the communication controller and the control devices 121 are
operated on the basis of synchronized Time Ta1 and Time Ta2 to execute a predetermined process in a constant control
period T.
[0011] In the drawing, it is assumed that the communication controller transmits a signal to each control device 121
in each control period T and the transmission timings are t1 and t2. Further, it is assumed that periods of time of
communication delay between the communication controller and the control devices 121a, 121b, and 121c are ∆ta, ∆tb,
and ∆tc, respectively.
[0012] As a result, the control devices 121b and 121c receive the signal transmitted at the transmission timing t1 in
the control period starting from Time Ta1 and the control device 121a receives the signal in the previous control period
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in the illustrated example. The respective control devices receive the signal transmitted at the transmission timing t2 in
the control periods in a manner different from the above. In this case, the control device 121c receives the signal in the
control period starting from Time Ta2, and the control devices 121a and 121b receive the signal in the previous control
period starting from Time Ta1.
[0013] Therefore, the control device 121a and the control devices 121b and 121c are operated under different control
commands by the signal transmitted at the transmission timing t1. Further, the control devices 121a, 121b and the control
device 121c are operated under different control commands by the signal transmitted at the transmission timing t2.
Furthermore, this relation varies depending on the transmission timing of the communication controller. This leads to
deterioration of the performance of the control system as a result.
[0014] Further, in the case of a time-division network scheme in which time used for the network is allocated to each
control device in a time-divisionmanner, the control period is generally regulated on the basis of a synchronization
command from the communication controller. In this case, the synchronization accuracy of the transmission timing in
the communication controller directly affects the accuracy of the control period. If the synchronization accuracy of the
transmission timing in the communication controller is poor and the transmission period largely fluctuates, the control
period of the control system becomes short or long to cause deterioration in the control performance of the control system.
[0015] In the control system in which the communication controller and the control devices are connected to each
other via the network to execute predetermined control, it is necessary to ensure the above-described synchronization
accuracy and the accuracy of the transmission timing of the communication controller. Even if these are ensured, it is
necessary to further consider the following influence factors.
[0016] First, the influence of the noncontrol command needs to be considered. Various signals and information are
transmitted and received between the communication controller and the control devices. A control command is typical
of those, and the operation timing of an actuator at field level can be synchronized by ensuring the synchronization
accuracy and the accuracy of the transmission timing with respect to the control command.
[0017] The noncontrol command is a signal or information other than the control command, and is a request of obtaining
management information and working information transmitted from the communication controller to the control devices.
High synchronization accuracy is not required for the noncontrol command. However, the noncontrol command is a
necessary command in executing the control system. The noncontrol command is transmitted from the communication
controller at an appropriate timing in a control period. In the case where the transmission timing of the noncontrol
command in the communication controller is immediately before the transmission timing of the control command, there
is a possibility that the transmission timing of the control command is delayed.
[0018] Second, the influence of retransmission needs to be considered. The retransmission is performed in consid-
eration of a packet loss on a network, and is performed if data have been incompletely received for some reason. The
retransmission is useful in improving data transmissibility from the communication controller to the control devices. It is
impossible in practice to securely transmit all packets due to a predetermined bit error rate especially in physical media
of a network. Therefore, a retransmission function is essential in a system or the like for which high reliability is required.
[0019] The execution of the retransmission process possibly causes a delay of not only the noncontrol command, but
also the transmission timing of the control command itself. In the case where the transmission timing of the retransmission
is immediately before the transmission timing of the control command, there is a possibility that the transmission timing
of the control command is delayed.
[0020] The time-division network scheme copes with the influence of the noncontrol command and the retransmission
by providing a dedicated time slot for network use. In this case, if the noncontrol command and the retransmission are
communicated in the time slot, the influence on the synchronization accuracy of the transmission timing of the control
command can be eliminated.
[0021] However, even if neither the noncontrol command nor the retransmission exists, the dedicated time slot needs
to be allocated in this method, and the bandwidth of the network is wasted. Especially, the influence of the time slot
makes the communication period longer, and as a result, the control period possibly becomes long. In general, the longer
the control period becomes, the lower the control performance becomes. Thus, the long control period is not desirable.
[0022] Further, the data size of the noncontrol command is not uniquely determined by its nature, and thus the time
slot for the noncontrol command cannot be uniquely set. Thus, the time slot tends to be long with the assumption of the
worst value, and there is a possibility that the control period accordingly becomes much longer. In addition, even in the
case where the noncontrol command is divided after the maximum size of the noncontrol command is determined,
additional processes such as a division process and a connection process are needed. Thus, computing resources such
as hardware and software are disadvantageously wasted.
[0023] As described above, in the communication controller and the control devices that are connected to each other
via the network, the transmission timing of the control command is delayed depending on the transmission timing of the
noncontrol command such as a request of obtaining management information and working information transmitted to
the control devices, or depending on the transmission timing of the retransmission of the control command.
[0024] The control commands are periodically transmitted whereas transmission requests for the noncontrol com-
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mands or retransmission commands are irregularly generated and are transmitted by using an extra time of the trans-
mission period. Therefore, the control commands are handled as periodic signals in transmission whereas the noncontrol
commands or the retransmission commands shouldbe called as nonperiodic signals because the transmission requests
for those are irregularly generated. Further, since the control commands are handled as the periodic signals, the non-
control commands are called as the nonperiodic signals.
[0025] In Japanese Patent Application Laid-Open No. 2007-158495 (Patent Document 1), as handling of the retrans-
mission commands among the nonperiodic signals, retransmission is performed on the basis of the number of retrans-
missions in accordance with the real-time level and the reliability level of transmission data. In addition, in Japanese
Patent Application Laid-Open No. H11-331261 (Patent Document 2), if a period of time required for a retransmission
process exceeds a time limit, a packet as a retransmission target is discarded and the retransmission is stopped.
[0026] The present invention relates to a communication controller that communicates with one or more control devices
via a network on the premise that the synchronization accuracy and the accuracy of the transmission timing of the
communication controller are ensured. According to Patent Document 1 and Patent Document 2, however, the retrans-
mission is performed or stopped. However, the communications described in Patent Document 1 and Patent Document
2 are intended neither to improve the synchronization accuracy nor to shorten the period. According to Patent Document
2, even the periodic transmission is not performed.
[0027] An object of the present invention is to provide a communication controller that enables communications in
which nonperiodic signals can be transmitted without having an impact on transmission of a control command in a
constant period.

SUMMARY OF THE INVENTION

[0028] In order to solve the above-described problem, the present invention provides a communication controller that
communicates with one or more control devices via a network, the communication controller including: a nonperiodic
transmission unit that generates a transmission request at any time; a periodic transmission unit that generates a
transmission request in a constant period; a communication unit that communicates transmission data of each of the
nonperiodic transmission unit and the periodic transmission unit with the network; and/or a schedule unit that: transmits
transmission content of the periodic transmission unit to the communication unit; computes a communication processing
period of time required for a communication process of the nonperiodic transmission unit having issued the transmission
request; obtains a remaining period of time of the constant period of the periodic transmission unit; compares the
communication processing period of time with the remaining period of time of the constant period; and/or transmits
transmission content of the nonperiodic transmission unit to the communication unit.
[0029] According to the present invention, a communication controller with the control performance improved can be
provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

Fig. 1 is a diagram for showing execution procedures of a schedule unit according to.the present invention.
Fig. 2 is a diagram for showing transmission and reception timings of a signal between a communication controller
and control devices.
Fig. 3 is a diagram for showing an example of a control system to which the present invention can be applied.
Fig. 4 is a diagram for showing another example of a control system to which the present invention can be applied.
Fig. 5 is a diagram for showing a hardware configuration of the communication controller.
Fig. 6 is a diagram for showing a functional configuration of a communication LSI.
Fig. 7 is a diagram for showing operational procedures when data are left unsent for a long period of time.
Fig. 8 is a diagram for showing an estimation method of a processing period of time of a data processing time
estimation unit.
Fig. 9 is a diagram for showing scheduling of transmission data by means of a time axis.
Fig. 10 is a diagram for showing scheduling of transmission data by means of a time axis.
Fig. 11 is a diagram for showing a functional configuration of the communication LSI.
Fig. 12 is a diagram for showing execution procedures of the schedule unit when retransmission is performed.
Fig. 13 is a diagram for showing execution procedures of the schedule unit when retransmission is given priority.
Fig. 14 is a diagram for showing scheduling of transmission data by means of a time axis.
Fig. 15 is a diagram for showing scheduling of transmission data by means of a time axis.
Fig. 16 is a diagram for showing an example of a hardware configuration of the communication controller.
Fig. 17 is a diagram for showing a software configuration running on a CPU.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0031] Hereinafter, embodiments of the present invention will be described in detail using the drawings. It should be
noted that handling of a nonperiodic signal will be described as handling of an irregular signal relative to a periodic signal
in a first embodiment. In a second embodiment, handling of retransmission in addition to the nonperiodic signal will be
described. In a third embodiment, a configuration for carrying out the present invention mainly by software using general-
purpose hardware will be described.

[First embodiment]

[0032] Each of Fig. 3 and Fig. 4 shows an example of a control system configured using a communication controller
120 to which the present invention is applied. The topology of a network 122 shown in Fig. 3 is different from that shown
in Fig. 4. However, the present invention can be applied to those with other topology.
[0033] In each of the drawings, the present invention is applied to the communication controller 120 that transmits
and receives a control command, management information, and the like to/from each of control devices 121 configuring
the network 122.
[0034] Upon reception of the control command from the communication controller 120, each of the control devices
121 executes a control process. In addition, each of the control devices 121 communicates measured information,
management information, and the like with the communication controller 120 if necessary. It should be noted that
configurations using servo amplifiers and servomotors are exemplified as the control devices 121.
[0035] The network 122 allows the communication controller 120 to be connectedto the control devices 121. As a
concrete example of the network 122, Ethernet (Registered Trademark), Industrial Ethernet defined in IEC61784, CAN
(Controller Area Network (Registered Trademark)), DeviceNet, RS-232C, RS-422, RS-485, or the like can be given. In
the embodiment, EtherCAT ((Registered Trademark) Communication Profile Family 12 in IEC61784-2) will be described
as an example of the network 122.
[0036] An embodiment of a hardware configuration of the communication controller 120 to which the present invention
is applied is shown in Fig. 5. The communication controller 120 includes a physical layer 152 connected to the network
122, and a CPU 150, a memory 153, a nonvolatile storage medium 154, and a communication LSI 151 all of which are
connected to each other through an internal bus 155.
[0037] Among these units, the CPU 150 transfers a program from the nonvolatile storage medium 154 to the memory
153 to execute a predetermined process. As a program to be executed and processed, an OS or an application program
running on an OS can be exemplified.
[0038] The communication LSI 151 receives a transmission request and transmission data from the program running
on the CPU 150, and transmits the same to the network 122 using the physical layer 152. In addition, the communication
LSI 151 transfers data received from the network 122 to the CPU 150, the memory 153, and the nonvolatile storage
medium 154 via the bus 155. The communication LSI 151 will be described later in detail using Fig. 6. As an implementation
example of the communication LSI 151, an IC such as FPGA (Field-Programmable Gate Array), CPLD (Complex Pro-
grammable Logic Device), ASIC (Application Specific Integrated Circuit), or a gate array can be exemplified. Alternatively,
the communication LSI 151 may be integrated with the CPU 150.
[0039] The physical layer 152 is a transceiver IC implementing a communication function with the network 122. As a
communication standard provided by the physical layer 152, a PHY (physical layer) chip of Ethernet can be exemplified.
It should be noted that the physical layer 152 and the communication LSI 151 are connected to each other in the
configuration of Fig. 5, and thus a process for a MAC (Media Access Control) layer of Ethernet is included in the
communication LSI 151. However, effects of the present invention can be similarly obtained even in a configuration in
which an IC providing a MAC function is arranged between the communication LSI 151 and the physical layer 152, or
in a configuration in which a communication IC obtained by combining an IC providing a MAC function and the physical
layer 152 is connected to the communication LSI 151.
[0040] In the configuration of Fig. 5, since the physical layer 152 is provided outside the communication LSI 151, a
processing unit of the communication LSI 151 corresponding to the MAC layer corresponds to a communication unit
112 of Fig. 6 to be described later. However, the communication LSI 151 may be an Ethernet communication device
including the MAC layer and the physical layer, or may include even a physical layer function.
[0041] The memory 153 is a temporary storage area for operations of the CPU 150, and an OS, and an application
program, and the like transferred from the nonvolatile storage medium 154 are stored therein.
[0042] The nonvolatile storage medium 154 is a medium for storing information, and is used to store a program for
operating the CPU 150 and to store execution results by a program.
[0043] The bus 155 allows the CPU 150, the memory 153, the nonvolatile storage medium 154, and the communication
LSI 151 to be connected to each other. As the bus 155, a PCI bus, an ISA bus, a PCI Express bus, a system bus, a
memory bus, or the like can be exemplified.
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[0044] Fig. 6 shows an embodiment of a functional configuration of the communication LSI 151. The communication
LSI 151 includes a periodic transmission unit 115 and a nonperiodic transmission unit 114 as will be described below
in detail, and executes transmission by appropriately using the same.
[0045] In Fig. 6, the communication unit 112 is a functional unit that is connected to the network 122 to perform
communications in accordance with the communication protocol of the network 122. A transmission unit 110 is a trans-
mission functional unit in the communication unit 112, and transmits a packet from the communication controller 120 to
the network 122. A reception unit 111 is a reception functional unit in the communication unit 112, and receives a packet
transmitted from the network 122.
[0046] A delivery unit 113 is connected to the bus 155 of Fig. 5, and receives a transmission request and transmission
data from a program running on the CPU 150. Specifically, the delivery unit 113 identifies data input to the communication
LSI 151 in accordance with a predetermined method, and delivers the same to either or both of the nonperiodic trans-
mission unit 114 and the periodic transmission unit 115.
[0047] As an identifying method to determine the functional unit to which the data are to be delivered, a method of
expressing an identifier at a predetermined position of the data input from the CPU 150, or a method of specifying an
identifier when the data are input to the communication LSI 151 can be exemplified. As a latter concrete example, a
method of distinguishing by an address space presented in a PCI bus space, or a method of distinguishing by providing
a burst transmission request for the communication LSI 151 at a different register can be exemplified in the case of the
communication LSI 151 configured as a PCI (Peripheral Components Interconnect Bus) device.
[0048] Any one of the above-described identifying methods may be employed. In short, if the input data are a noncontrol
command, the delivery unit 113 delivers the input data to the nonperiodic transmission unit 114. If the input data are a
control command, the delivery unit 113 delivers the input data to the periodic transmission unit 115. If the input data
include the noncontrol command and the control command, the delivery unit 113 delivers the input data to each of the
nonperiodic transmission unit 114 and the periodic transmission unit 115.
[0049] The nonperiodic transmission unit 114 is a functional unit that stores therein a noncontrol command such as
a request of obtaining management information and working information that need not be periodically transmitted from
the communication controller 120 to the control devices 121. Upon reception of nonperiodic transmission data from the
delivery unit 113, the nonperiodic transmission unit 114 notifies the schedule unit 117 of a transmission request. If the
transmission is permitted by the schedule unit 117, the nonperiodic transmission data are transferred to the schedule
unit 117.
[0050] The transmission request for the nonperiodic data is generated at any timing, and the data size can be arbitrarily
set.
[0051] It should be noted that the format of the nonperiodic transmission data in the nonperiodic transmission unit 114
may be a format in which only data are contained, or a format in which a header or the like is provided so as to comply
with the communication protocol of the network 122. In the case of managing with the format in which only data are
contained, information such as a header may be provided by the communication unit 112 or the schedule unit 117.
[0052] Further, in the case of managing with the format in accordance with the communication protocol of the network
122, the nonperiodic transmission data in the format may be received from the delivery unit 113. Alternatively, only data
may be received from the delivery unit 113, and a header may be provided so as to comply with the communication
protocol of the network 122 in the nonperiodic transmission unit 114.
[0053] The periodic transmission unit 115 is a functional unit that stores therein a control command such as a request
of obtaining an operating command and measured information that is periodically transmitted from the communication
controller 120 to the control devices 121. Upon reception of periodic transmission data from the delivery unit 113, the
periodic transmission unit 115 notifies the schedule unit 117 of a transmission request. If the transmission is permitted
by the schedule unit 117, the periodic transmission data are transferred to the schedule unit 117.
[0054] The transmission request for the periodic data is generated in each predetermined period. The data size may
be changed in each period.
[0055] The period in which the control command is transmitted is managed using a timer 116.
[0056] It should be noted that the format of the periodic transmission data in the periodic transmission unit 115 may
be a format in which only data are contained, or a format in which a header or the like is provided so as to comply with
the communication protocol of the network 122. In the case of managing with the format in which only data are contained,
information such as a header may be provided by the communication unit 112 or the schedule unit 117.
[0057] Further, in the case of managing with the format in accordance with the communication protocol of the network
122, the periodic transmission data in the format may be received from the delivery unit 113. Alternatively, only data
may be received from the delivery unit 113, and a header may be provided so as to comply with the communication
protocol of the network 122 in the periodic transmission unit 115.
[0058] A time management unit 116 of Fig. 6 is a functional unit that manages time in the communication LSI 151.
The time management unit 116 delivers time information to the periodic transmission unit 115 and the schedule unit
117. At this time, the time management unit 116may notify these units of the current time or a fact that a predetermined
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period has elapsed in the delivery of the time information. Alternatively, the time management unit 116 may notify the
schedule unit 117 of a difference between predetermined time information input from the schedule unit 117 and the
current time.
[0059] In addition, the time managed by the time management unit 116 may be relative time as a timer formanaging
constant periods, or may be time synchronized with other control devices connected via the network 122 or other pieces
of hardware connected to the bus 155. Alternatively, the time may be based on Greenwich Time or GPS time. Further,
the time may be set and obtained from’an application running on the CPU 150.
[0060] The schedule unit 117 compares a processing period of time for the transmission data of the nonperiodic
transmission unit 114 having issued the transmission request, a processing period of time for the transmission data of
the periodic transmission unit 115 having issued the transmission request, and a remaining period of time before the
next transmission period of the periodic transmission unit 115 with each other to determine whether or not to permit
each transmission request. Each processing period of time for the transmission data is calculated by a data processing
time estimation unit 118. The remaining period of time before the next transmission period is obtained from the time
management unit 116.
[0061] The data processing time estimation unit 118 estimates the processing period of time for the transmission data
of the nonperiodic transmission unit 114 having issued the transmission request and the processing period of time for
the transmission data of the periodic transmission unit 115 having issued the transmission request, and notifies the
schedule unit 117 of the estimated processing periods of time. In each case, the processing period of time for the
transmission data is estimated in such a manner that a processing period of time in a real-time processing unit is
calculated based on, for example, the data size of the transmission data and a transmission period of time in the
communication unit is added thereto.
[0062] A real-time processing unit 119 is a functional unit that processes the transmission data of the nonperiodic
transmission unit 114, or the transmission data of the periodic transmission unit 115 in a predictable processing period
of time to be transferred to the communication unit 112. For example, if the processing period of time per unit data size
is fixed, the processing period of time can be calculated based on the input data size.
[0063] Execution procedures of the schedule unit 117 according to the present invention are shown in Fig. 1.
[0064] In the first place, the schedule unit 117 waits until a transmission request is issued (Step S001). Then, if the
transmission request has been issued, it is determined whether or not the transmission request has been issued from
the periodic transmission unit 115 (Step S002). If the transmission request has been issued from the periodic transmission
unit 115 (Y in the determination of Step S002), the transmission request is permitted (Step S003).
[0065] The determination result in Step S002 shows that the transmission request has not been issued from the
periodic transmission unit 115 (N in the determination of Step S002), it means that the transmission request has been
issued from the nonperiodic transmission unit 114. In this case, the transmission request is accepted to confirm that
conditions and environments under which the transmission can be actually performed are set.
[0066] In order to confirm the conditions and environments, a processing period of time Ta for the transmission data
of the nonperiodic transmission unit 114 is first obtained from the data processing time estimation unit 118 in Step S004,
and a remaining period of time R before the next period of the periodic transmission unit 115 is obtained from the time
management unit 116.
[0067] Next, the processing period of time Ta for the nonperiodic transmission data and the remaining period of time
R of the transmission period are compared with each other in Step S005. If the processing period of time Ta for the
nonperiodic transmission data is shorter than the remaining period of time R of the transmission period, the transmission
can be performed in the current control period. Thus, the transmission request from the nonperiodic transmission unit
114 is permitted in Step S006.
[0068] If the processing period of time Ta for the nonperiodic transmission data is equal to or longer than the remaining
period of time R of the transmission period in the determination of Step S005, it is impossible to perform the transmission
in the current control period. In this case, the process moves to Step S007, and the transmission request from the
nonperiodic transmission unit 114 is not permitted, but is to be processed later.
[0069] In this case, there is a possibility that a transmission request is issued from the periodic transmission unit 115
in the remaining period of time R of the current control period. Therefore, the schedule unit 117 waits until the transmission
request is generated from the periodic transmission unit 115 in Step S008 after the process of Step S007. If the trans-
mission request has been issued from the periodic transmission unit 115, the process moves to the Step S003, and the
transmission request is permitted.
[0070] After the process of Step S003, the process returns to the processing procedure of Step S001. In this state,
the transmission request from the nonperiodic transmission unit 114 determined as to be processed later in Step S007
has been left unprocessed. Thus, the processes of Step S001, Step S002, Step S004, and Step S005 are performed
again, and the processing period of time Ta for the nonperiodic transmission data and the remaining period of time R
of the transmission period are compared with each other. If the processing period of time Ta for the nonperiodic trans-
mission data is shorter than the remaining period of time R of the transmission period as a result, the transmission
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request from the nonperiodic transmission unit 114 is permitted.
[0071] However, there is a possibility that the nonperiodic transmission data have been left unsent for a long period
of time depending on the comparison result between the processing period of time Ta for the nonperiodic transmission
data and the remaining period of time R of the transmission period. In this case, the number of times the transmission
request from the nonperiodic transmission unit 114 has not been permitted is counted in Step S005 and Step S007. If
the count becomes a predetermined number of times or larger, the schedule unit 117 may notify the nonperiodic trans-
mission unit 114 of the fact.
[0072] Operational procedures when the nonperiodic transmission data have been left unsent for a long period of time
are shown in Fig. 7. In the first place, the schedule unit 117 waits for a transmission request from the nonperiodic
transmission unit 114 in Fig. 7 (Step S020). If the transmission request has been issued from the nonperiodic transmission
unit 114, it is determined then whether or not the transmission request has been permitted (Step S021).
[0073] If the transmission request has not been permitted, the number of failures of the transmission request from the
nonperiodic transmission unit 114 is incremented by 1 in Step S022. Next, the number of failures is compared with a
predetermined threshold value in Step S023. If the number of failures is smaller than the threshold value, the process
returns to Step S020. If the number of failures is equal to or larger than the threshold value (Y), the process moves to
Step S024, and the schedule unit 117 notifies the nonperiodic transmission unit 114 of the fact. If the number of failures
is smaller than the threshold value (N), the process returns to Step S020 to continuously monitor the number of failures.
[0074] It should be noted that as the number of consecutive failures, the number of failures may be cleared or accu-
mulated in the case where the transmission request from the nonperiodic transmission unit 114 has succeeded (Y in
Step S021). The number of failures is the number of transmission failures in the nonperiodic transmission unit 114, and
suggests wrong settings in the communication LSI 151.
[0075] On the basis of the notification, the nonperiodic transmission unit 114 may discard the transmission data, or
may notify the CPU 150 connected to the bus 155 of interruption. An application running on the CPU 150 that is notified
of the interruption can take measures such as discarding the data of the nonperiodic transmission unit 114, retransmitting
the nonperiodic transmission data, dividing and downsizing the nonperiodic transmission data, and making the trans-
mission period of the periodic transmission unit 115 longer.
[0076] Further, the procedures of Fig. 7 may be conducted in the nonperiodic transmission unit 114. Furthermore, in
the comparison between the number of failures and the threshold value, the process may return to Step S020 when the
number of failures is equal to or smaller than the threshold value in Step S023.
[0077] The following is a summarized communication control method executed by the communication LSI 151 through
the operational processing procedures of Fig. 1 and Fig. 7.
[0078] In the first place, a periodic transmission signal is transmitted in each of constant periods as shown in Fig. 9.
When a nonperiodic transmission signal generated at any time is transmitted, a first remaining period of time (for example,
between t2 and t3) between the time (for example, t2) the transmission request for the nonperiodic transmission signal
is generated in the constant period and the time the next constant period starts, and a period of time (Tp in Fig. 8)
required to transmit the nonperiodic transmission signal are obtained. Then, after confirming that the transmission can
be completed in the first remaining period of time, the nonperiodic transmission signal is transmitted in the range of the
constant period.
[0079] In addition, if the first remaining period of time (between Time t2 and Time t3) is not sufficient to transmit the
nonperiodic transmission signal in the constant period in which the transmission request for the nonperiodic transmission
signal has been generated as shown in Fig. 9, a second remaining period of time (after t4) obtained by subtracting the
period of time (between Time t3 and Time t4) required to transmit the periodic transmission signal from the next constant
period or thereafter is compared with the period of time required to transmit the nonperiodic transmission signal, so that
the nonperiodic transmission signal is transmitted in the next constant period or thereafter.
[0080] Next, an estimation method of the processing period of time of the data processing time estimation unit 118 is
shown in Fig. 8.
[0081] In the first place, the data processing time estimation unit 118 obtains a processing performance α of the real-
time processing unit 119 in Step S010. As an index of the processing performance α, for example, a data size processed
per unit time is used.
[0082] Next, if the transmission request has been issued, the data processing time estimation unit 118 obtains a data
size D of the transmission data from the schedule unit 117 in Step S011.
[0083] A processing period of time Tr is calculated in Step S012 in accordance with Equation (1) using the obtained
processing performance α and data size D.
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[0084] It should be noted that in the case where a header or the like in accordance with the communication protocol
of the network 122 is provided to the transmission data in the real-time processing unit 119, the processing period of
time Tr is calculated in accordance with Equation (2) in consideration of the processing period of time.

[0085] In Equation 2, B represents a period of time required to provide the header or the like, and is a term independent
from the data size D. Alternatively, in the case where the transmission data are composed of multiple pieces of sub-
data and are processed for each sub-data, B is a term dependent on the number of pieces of sub-data.
[0086] Next, a processing period of time Te in the communication unit 112 is calculated in Step S013. For example,
the processing period of time Te is calculated in accordance with Equation (3) if 100Mbps Ethernet (Registered Trade-
mark) is used.

[0087] Then, the processing period of time Tp for the transmission data is calculated in accordance with Equation (4)
in Step S014.

[0088] It should be noted that A is a predetermined safe factor. A includes a period of time required to perform an
estimation process of the data processing time estimation unit 118 itself shown in Fig. 6, a gap between frames of
Ethernet (Registered Trademark), and a safe factor in consideration of an overhead other than the transmission processes
of the real-time processing unit 119 and the communication unit 112.
[0089] Handling in time series when executing the operational procedures shown in Fig. 1 and Fig. 8 is shown in Fig.
9. Fig. 9 is a diagram for showing scheduling of transmission data in the schedule unit 117 by means of a time axis. In
this case, the transmission period of the periodic transmission unit 115 is assumed as 100Ps.
[0090] The previous transmission period ends at Time t1, and a transmission request from the periodic transmission
unit 115 is permitted to transmit the periodic transmission data.
[0091] Next, it is assumed that a transmission request has been issued from the nonperiodic transmission unit 114 at
Time t2 in the transmission period. At this time, it is assumed that t2 is a point at which 80Ps has elapsed from t1, and
the size of the nonperiodic transmission data is 500B. It is assumed that the processing performance α of the real-time
processing unit 119 is 200MB/s, and the processing period of time Tr is obtained in accordance with Formula (1). If the
processing period of time for the data is calculated in accordance with the procedures shown in Fig. 8, the processing
period of time Tp for the transmission data is shown by Equation (5). It should be noted that A is 0.



EP 2 490 358 A2

10

5

10

15

20

25

30

35

40

45

50

55

[0092] Thus, the processing period of time Ta for the nonperiodic transmission data is 42.5Ps in the determination
procedures of the schedule unit shown in Fig. 1. On the other hand, the remaining period of time R of the transmission
period, namely, a difference between Time t2 and Time t3 as the start point of the next period is 20Ps.
[0093] The above-described calculation results show that the processing period of time Ta for the nonperiodic trans-
mission data is longer than the remaining period of time R of the transmission period in the determination of Step S005
in Fig. 1, and thus the determination procedure moves to Step S007 in which the transmission request from the nonperiodic
transmission unit 114 is not permitted. Accordingly, the nonperiodic transmission data are not transmitted in the trans-
mission period starting from Time t1.
[0094] Subsequently, the schedule unit 117 waits for another transmission request from the periodic transmission unit
115 generated at Time t3 in Step S008. Thereafter, the transmission request from the periodic transmission unit 115 is
permitted, and the periodic transmission data are transmitted. The transmission of the periodic transmission data is
completed at Time t4.
[0095] In the operational procedures of Fig. 1, the transmission request for the nonperiodic transmission data that
have been left unsent in Step S007 is processed in Step S001 at Time t4 in the transmission period starting from Time
t3. Thereafter, the process proceeds to Step S002 and S004 in which the transmission request from the nonperiodic
transmission unit 114 is scheduled again. It is assumed that an interval between Time t4 and Time t3 is 20Ps.
[0096] The remaining period of time of the transmission period is 80Ps at Time t4, and the processing period of time
Ta for the nonperiodic transmission data is shorter than the remaining period of time R of the transmission period in
Step S005. Thus, the transmission request from the nonperiodic transmission unit 114 is permitted, and the nonperiodic
transmission data are transmitted.
[0097] It should be noted that an interval between Time t4 and Time t3 is 20Ps in Fig. 9, but it is not necessary to fix
the size of the transmission data of the periodic transmission unit 115. Thus, even if the size of the nonperiodic transmission
data is relatively large, the schedule unit 117 automatically determines a period including a vacant time in which the
nonperiodic transmission data can be transmitted, and the nonperiodic transmission data can be transmitted.
[0098] In the example of Fig. 10, there are three kinds of transmission data sizes, namely, periodic transmission 1,
periodic transmission 2, and periodic transmission 3, and are not the same. Thus, Fig. 10 shows an example in which
the remaining periods of time R of the transmission periods are different in the respective cases. However, the transmission
is repeated in the order of the sizes of the transmission data in this example.
[0099] In such a case, it is assumed that a transmission request for the nonperiodic transmission data with a relatively-
large size has been issued. In the case of Fig. 10, the operations from Time t1 to Time t4 are the same as those in Fig.
9. However, the nonperiodic transmission data are prevented from being transmitted in the remaining period of time R
of the transmission period starting from Time t4 because the transmission is determined as impossible. In addition, the
nonperiodic transmission data are prevented from being transmitted in the next transmission period. Finally, the nonpe-
riodic transmission data can be transmitted in the transmission period including the periodic transmission 3.
[0100] If there are N (3 in Fig. 10) kinds of sizes of the periodic transmission data, the nonperiodic transmission data
can be transmitted in N+1 periods. If the nonperiodic transmission data cannot be transmitted in N+1 periods, there exist
no periods thereafter in which the nonperiodic transmission data can be transmitted. It should be noted that N+1 is used
instead of N because the timing of the first transmission request is arbitrary.
[0101] It should be noted that the data processing time estimation unit 118 is provided in the schedule unit 117 in the
embodiment. However, the data processing time estimation unit 118 may be provided in each of the nonperiodic trans-
mission unit 114 and the periodic transmission unit 115. The nonperiodic transmission unit 114 and the periodic trans-
mission unit 115 notify the schedule unit 117 of the data size as well as the transmission request in the embodiment.
However, the operational procedures of Fig. 1 and Fig. 8 may be executed in the nonperiodic transmission unit 114 and
the periodic transmission unit 115, and the schedule unit 117 may be notified of the processing period of time for the
transmission data as well as the transmission request in the case where the data processing time estimation unit 118
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is provided in each of the nonperiodic transmission unit 114 and the periodic transmission unit 115.
[0102] In addition, one or more nonperiodic transmission units 114 and periodic transmission units 115 may be provided
in the embodiment. In this case, it is necessary to specify priorities among the respective functional units.
[0103] Effects obtained by the above-described embodiment will be described.
[0104] Even if a transmission request for nonperiodic transmission has been issued at any timing, the schedule unit
117 compares the processing period of time for the nonperiodic transmission data with the remaining period of time of
the transmission period to determine whether to permit the transmission request. Accordingly, the periodic transmission
data can be periodically transmitted with a high degree of accuracy without the influence of the nonperiodic transmission.
[0105] Further, since the transmission timing is automatically adjusted by the schedule unit 117, the nonperiodic
transmission data can be set at the communication LSI 151 at a given timing from an application running on the CPU
150. Accordingly, it is not necessary to sacrifice the development efficiency of an application that sets the nonperiodic
transmission data in order to maintain the accuracy of the periodic transmission.
[0106] Further, it is not necessary to set a time slot for the nonperiodic transmission on the network 122. Thus, the
transmission period can be made shorter and the control performance can be improved. Further, if the transmission
period is made excessively short, the failure of the nonperiodic transmission is detected in the procedures of Fig. 7, so
that optimization such as changing the size of the transmission data of the nonperiodic transmission and adjusting the
transmission period can be performed.

[Second embodiment]

[0107] In a second embodiment, a retransmission function for the periodic transmission data is provided in the com-
munication LSI 151 to improve data transmissibility in the periodic transmission as compared to the first embodiment.
The reference numerals and signs used in the second embodiment are the same as those of the functions and elements
described in the first embodiment unless otherwise specified.
[0108] An example of a control system configured using the communication controller 120 to which the second em-
bodiment is applied is the same as those of Fig. 3 and Fig. 4. Further, the hardware configuration of the communication
controller 120 is the same as that of Fig. 5.
[0109] Fig. 11 shows an embodiment of a functional configuration of the communication LSI 151 to which the present
invention is applied. The configuration of Fig. 11 is obtained by adding the retransmission function for the periodic
transmission data to the configuration (the delivery unit 113, the nonperiodic transmission unit 114, the periodic trans-
mission unit 115, the schedule unit 117, and the communication unit 112) of the first embodiment shown in Fig. 6. The
existing configuration has been already described in Fig. 6, and thus the retransmission function for the periodic trans-
mission data will be mainly described below.
[0110] The retransmission function for the periodic transmission data is configured mainly using an abnormality de-
termination unit 132, a retransmission control unit 131, a retransmission unit 130, and a time management unit 116.
When the abnormality determination unit 132 detects a communication abnormality, the outline function determines that
a signal has not been correctly transmitted to the control device side, and prompts the periodic transmission unit 115
and the schedule unit 117 to retransmit the periodic transmission data.
[0111] In order to execute the above-described control, the abnormality determination unit 132 first detects the com-
munication abnormality. Thus, the abnormality determination unit 132 is a functional unit that determines success or
failure of the periodic transmission of the periodic transmission unit 115 on the basis of the content of data received from
the reception unit 111 of the communication unit 112 or on the basis of elapsed time. The abnormality determination
unit 132 notifies the retransmission control unit 131 of the determination result. It should be noted that a concrete method
of detecting the communication abnormality will be described in detail later.
[0112] The retransmission control unit 131 is a functional unit that, upon reception of the determination result by the
abnormality determination unit 132, requests the retransmission unit 130 to retransmit, or requests to delete the trans-
mission data stored in the retransmission unit 130.
[0113] When the periodic transmission unit 115 transfers the transmission data to the schedule unit 117, the retrans-
mission unit 130 receives the transmission data to be stored therein. If a retransmission request is issued from the
retransmission control unit 131, the retransmission unit 130 requests the schedule unit 117 to retransmit.
[0114] It should be noted that when the transmission data of the periodic transmission unit 115 are stored in the
retransmission unit 130, or when the transmission data are output after the retransmission is permitted by the schedule
unit 117, the transmission data may be changed in order to represent the data as retransmission data. As a concrete
example thereof, an area representing the retransmission is defined in the transmission data or the header, and a
parameter representing the data as retransmission data is defined.
[0115] Further, the retransmission unit 130 may delete the transmission data stored therein after being notified of
elapse of the transmission period of the periodic transmission unit 115 from the time management unit 116. This scheme
is exemplified in a system in which retransmission needs to be performed in a period. Further, a function corresponding
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to the retransmission unit 130 may be provided in the periodic transmission unit 115.
[0116] Hereinafter, a concrete example of the abnormality determination unit 132 will be described first among the
respective functions. Some detecting functions for the communication abnormality have been already known. However,
the following function will be exemplified in the embodiment.
[0117] In the first place, a time-out determination unit 133 monitors elapsed time from the start of the periodic trans-
mission of the periodic transmission unit 115 to determine whether or not a predetermined period of time has elapsed.
If the periodic transmission data have been received by the abnormality determination unit 132 within a predetermined
period of time from the start of the transmission, the monitoring of the elapsed time is stopped to determine that the
periodic transmission data have been received in time. On the contrary, if the periodic transmission data have not been
received by the abnormality determination unit 132 within a predetermined period of time, it is determined that the
communications have not been correctly performed.
[0118] Upon reception of a reply from the control device 121 having received the periodic transmission from the
communication controller 120, a reply confirmation unit 134 determines whether or not the periodic transmission has
succeeded. If the control device 121 has correctly received the periodic transmission, the control device 121 transmits
an acknowledgement represented as ACK to the communication controller 120. Alternatively, if the control device 121
has not correctly received the periodic transmission from the communication controller 120, the control device 121
transmits a negative acknowledgement represented as NACK to the communication controller 120.
[0119] A WKC confirmation unit 135 determines whether or not the periodic transmission has been correctly processed
by the control device 121 on the basis of whether or not a predetermined counter (Working counter abbreviated as WKC)
on a frame replied from the control device 121 is equal to an expected value. This scheme is used by EtherCAT. The
counter is a field on an EtherCAT packet that is incremented by a predetermined number by the control device 121 every
time the transmission data are correctly processed by the control device 121. It should be noted that it is necessary to
set the expected value in advance.
[0120] Next, a relation between the configuration of the abnormality determination unit 132 and the network system
will be described. The abnormality determination unit 132 of Fig. 11 is configured using one or more of the time-out
determination unit 133, the reply confirmation unit 134, and the WKC confirmation unit 135. However, the method of
determining whether or not the periodic communication has been correctly processed by the control device 121 is not
limited to that performed by the time-out determination unit 133, the reply confirmation unit 134, and the WKC confirmation
unit 135. In the case of Ethernet, for example, if an abnormality is detected in CRC for a received frame or in a packet
format, it may be determined that the periodic communication has not been correctly performed.
[0121] It should be noted that the configurations of the time-out determination unit 133, the reply confirmation unit
134, and the WKC confirmation unit 135 in the abnormality determination unit 132 differ depending on the kind of network
systems.
[0122] In the case of EtherCAT, for example, a communication frame transmitted from the communication controller
120 passes through the control devices 121 in order, and returns to the communication controller 120 after passing
through the all control devices 121. Due to such a characteristic, it is preferable to use the WKC confirmation unit 135.
Further, it is also preferable to employ the time-out determination unit 133 due to the possibility of a packet loss on the
network.
[0123] On the other hand, in the case where the specification of the network 122 does not necessarily define that the
control devices 121 need to reply to the communication controller 120, the acknowledgement or negative acknowledge-
ment is expressly replied from the communication controller 120 using the reply confirmation unit 134 and the time-out
determination unit 133.
[0124] In order to realize the retransmission of the periodic transmission data, the communication controller needs to
include the above-described functions (the abnormality determination unit 132, the retransmission control unit 131, the
retransmission unit 130, and the time management unit 116) in terms of hardware. With such a configuration, the following
operational procedures shown in Fig. 12 are executed by the schedule unit 117.
[0125] First of all, the schedule unit 117 waits for a transmission request (Step S030). Then, if the transmission request
has been issued, it is determined whether or not the transmission request has been issued from the periodic transmission
unit 115 (Step S031). If the transmission request has been issued from the periodic transmission unit 115 (Y), the process
moves to Step S032 to permit the request. Accordingly, the periodic data are transmitted from the transmission unit 110
to the control device 121, and the abnormality determination unit 132 monitors that the communications are correctly
performed. If the communication abnormality has occurred, a retransmission request is supposed to be issued from the
retransmission unit 130.
[0126] If it is determined in Step S031 that the transmission request has not been issued from the periodic transmission
unit 115 (N), the transmission request has been issued from the nonperiodic transmission unit 114 or the retransmission
unit 130. Thus, it is determined in Step S033 whether or not the transmission request has been issued from the retrans-
mission unit 130.
[0127] If it is found in Step S033 that the transmission request has been issued from the retransmission unit 130, a
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processing period of time Tb for the transmission data of the retransmission unit 130 is obtained from the data processing
time estimation unit 118 in Step S034, and the remaining period of time R before the next period of the periodic transmission
unit 115 is obtained from the time management unit 116. It should be noted that the process in Step S034 is the same
as that in Step S004 except that the data to be handled are changed from the nonperiodic transmission data to the
retransmission data.
[0128] Next, the processing period of time Tb for the retransmission data and the remaining period of time R of the
transmission period are compared with each other in Step S035. If the processing period of time Tb for the retransmission
data is shorter than the remaining period of time R of the transmission period (Y), the transmission request from the
retransmission unit 130 is permitted in Step S036. It should be noted that the process in Step S035 is the same as that
in Step S005 except that the data to be handled are changed from the nonperiodic transmission data to the retransmission
data.
[0129] If the processing period of time Tb for the retransmission data is equal to or longer than the remaining period
of time R of the transmission period in Step S035, the processing procedure returns to Step S030 without permitting the
transmission request from the retransmission unit 130.
[0130] If the transmission request has been issued from the nonperiodic transmission unit 114 in Step S033, the
processing period of time Ta for the transmission data of the nonperiodic transmission unit 114 is obtained from the data
processing time estimation unit 118, and the remaining period of time R before the next period of the periodic transmission
unit 115 is obtained from the time management unit 116 (Step S004). Next, the processing period of time Ta for the
nonperiodic transmission data and the remaining period of time R of the transmission period are compared with each
other (Step S005). If the processing period of time Ta for the nonperiodic transmission data is shorter than the remaining
period of time R of the transmission period, the transmission request from the nonperiodic transmission unit 114 is
permitted (Step S006).
[0131] If the processing period of time Ta for the nonperiodic transmission data is equal to or longer than the remaining
period of time R of the transmission period in Step S005, the processing procedure returns to Step S030 without permitting
the transmission request from the nonperiodic transmission unit 114.
[0132] The embodiment of Fig. 12 has been described above. According to the method, the periodic transmission
data are transmitted first, and then the retransmission data or the nonperiodic transmission data are transmitted within
a remaining period of time thereafter. Therefore, it is necessary to study handling in the case where transmission requests
for the retransmission data and nonperiodic transmission data are issued in the same transmission period.
[0133] Fig. 13 shows operational execution procedures of the schedule unit 117 when the retransmission is given
priority over the nonperiodic transmission.
[0134] Fig.13 is different from Fig. 12 in that Step S040 is provided. In Step S040, it is determined whether or not the
nonperiodic transmission is possible due to the relation with the retransmission. As an example, the determination is
made based on such criteria as whether or not the retransmission has been performed the predetermined number of
times, whether or not the periodic transmission has been correctly performed, and whether or not a predetermined period
of time (time slot in which the retransmission is given priority) has elapsed after the periodic transmission.
[0135] It should be noted that the number of periods in which the transmission request from the nonperiodic transmission
unit 114 has not been permitted is counted in Fig. 12 and Fig. 13. If the number becomes a predetermined number or
larger, the nonperiodic transmission unit 114 may be notified of the fact. This procedures are the same as those in Fig. 7.
[0136] Handling in time series when executing the operational procedures shown in Fig. 12 is shown in Fig. 14. Fig.
14 is a diagram for showing scheduling of transmission data in the schedule unit 117 by means of a time axis. In this
case, the transmission period of the periodic transmission unit 115 is assumed as 100Ps.
[0137] The previous transmission period ends at Time t10, and a transmission request from the periodic transmission
unit 115 is permitted in a new transmission period to transmit the periodic transmission data. This process is executed
in Step S030 to Step S032.
[0138] Next, it is assumed that a transmission request from the retransmission unit 130 has been issued at Time t11.
At this time, it is assumed that t11 is a point at which 95Ps has elapsed from t10, and the size of the retransmission data
is 100B. It is assumed that the processing performance α of the real-time processing unit 119 is 200MB/s, and the
processing period of time for the data is calculated in accordance with the procedures shown in Fig. 8. The processing
period of time Tp for the transmission data is shown by Formula (6). It should be noted that A is 0.
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[0139] Thus, in the determination procedures performed by the schedule unit shown in Fig. 12, the processing period
of time Tb for the retransmission data is 8.5Ps. On the other hand, the remaining period of time R of the transmission
period, namely, a difference between Time t11 and Time t12 as the start point of the next period is 5Ps.
[0140] The above-described calculation results show that the processing period of time Tb for the retransmission data
is longer than the remaining period of time R of the transmission period, and thus the transmission request from the
retransmission unit 130 is not permitted. A series of processes are executed in Step S033 to Step S036.
[0141] It should be noted that if the retransmission control unit 131 deletes the transmission data of the retransmission
unit 130 at Time t12, the retransmission request from the retransmission unit 130 is cancelled from Time t12.
[0142] A concrete example of operations in the embodiment shown in Fig. 13 is shown in Fig. 15. Fig. 15 is a diagram
for showing scheduling of transmission data in the schedule unit 117 by means of a time axis. In this case, it is assumed
that the transmission period of the periodic transmission unit 115 is 100Ps.
[0143] The previous transmission period ends at Time t20, and a transmission request from the periodic transmission
unit 115 is permitted in a new transmission period to transmit the periodic transmission data. This process is executed
in Step S030 to Step S032.
[0144] Next, it is assumed that a transmission request has been issued from the nonperiodic transmission unit 114 at
Time t21. Accordingly, the process moves to Step S040 in the processing procedures of Fig. 13. In Step S040, it is
determined whether or not the nonperiodic transmission is possible. However, it is assumed at this time that the retrans-
mission has not succeeded, and the nonperiodic transmission is not possible. Therefore, the transmission request from
the nonperiodic transmission unit 114 is not permitted at Time t21 in the determination of Step S040.
[0145] Next, it is assumed that a transmission request has been issued from the retransmission unit 130 at Time t22.
[0146] Accordingly, the process moves from Step 033 to Step S034 in the processing procedures of Fig. 13. At this
time, it is assumed that Time t22 is a point at which 80Ps has elapsed from Time t20, and the size of the retransmission
data is 100B. It is assumed that the processing performance α of the real-time processing unit 119 is 200MB/s, and the
processing period of time for the data is calculated in accordance with the procedures shown in Fig. 8. The processing
period of time Tp for the transmission data is shown by Formula (6). It should be noted that A is 0.
[0147] Thus, in the determination procedures performed by the schedule unit shown in Fig. 11, the processing period
of time Tb for the retransmission data is 8.5Ps. On the other hand, the remaining period of time R of the transmission
period, namely, a difference between Time t22 and Time t23 as the start point of the next period is 20Ps. Thus, the
transmission request from the retransmission unit 130 is permitted due to a sufficient remaining period of time, and the
retransmission from the retransmission unit 130 is performed.
[0148] Next, the previous transmission period ends at Time t23, and a transmission request from the periodic trans-
mission unit 115 is permitted in a new transmission period to transmit the periodic transmission data. This process is
executed in Step S030 to Step S032.
[0149] Thereafter, it is assumed that the periodic transmission has been correctly performed at Time t24. At this time,
it is assumed that the transmission request has been continuously issued from the nonperiodic transmission unit 114.
Thus, the process moves from Step S033 to Step S004 through Step S040 in the processing procedures of Fig. 13. At
this time, it is assumed that Time t24 is a point at which 30Ps has elapsed from Time t23, and the size of the nonperiodic
transmission data is 500B. It is assumed that the processing performance α of the real-time processing unit 119 is
200MB/s. The processing period of time Tp for the transmission data is 42.5Ps as shown by Formula (5).
[0150] In the determination procedures performed by the schedule unit shown in Fig. 13, the processing period of
time Ta for the nonperiodic transmission data is 42.5Ps. On the other hand, the remaining period of time R of the
transmission period, namely, a difference between Time t24 and Time t25 as the start point of the next period is 70Ps.
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[0151] Thus, the processing period of time Ta for the nonperiodic transmission data is shorter than the remaining
period of time R of the transmission period, and thus the transmission request from the nonperiodic transmission unit
114 is permitted to transmit the nonperiodic transmission data.
[0152] It shouldbe notedthat the data processing time estimation unit 118 is provided in the schedule unit 117 in the
embodiment. However, the data processing time estimation unit 118 may be provided in each of the nonperiodic trans-
mission unit 114, the periodic transmission unit 115, and the retransmission unit 130. The nonperiodic transmission unit
114, the periodic transmission unit 115, and the retransmission unit 130 notify the schedule unit 117 of the data size as
well as the transmission request in the embodiment. However, the procedures of Fig. 8 may be executed in the nonperiodic
transmission unit 114, the periodic transmission unit 115, and the retransmission unit, and the schedule unit 117 may
be notified of the processing period of time for the transmission data as well as the transmission request in the case
where the data processing time estimation unit 118 is provided in each of the nonperiodic transmission unit 114, the
periodic transmission unit 115, and the retransmission unit 130.
[0153] Further, one or more nonperiodic transmission units 114, periodic transmission units 115, and retransmission
units 130 may be provided in the embodiment. In this case, it is necessary to specify priorities among the respective
functional units. Further, if multiple periodic transmission units 115 and retransmission units 130 are provided, for example,
an identifier is provided in a packet.
[0154] The following is a summarized communication control method executed by the communication LSI 151 through
the operational processing procedures of Fig. 12 and Fig. 13.
[0155] Here, a periodic transmission signal is transmitted in each of constant periods (t10 and t12) as shown in Fig.
14. If the periodic transmission signal fails to be transmitted, a third remaining period of time (between t11 and t12)
between the time (t11) the failure has been detected and the time the next constant period starts, and a processing
period of time required to retransmit the periodic transmission signal are obtained. Then, after confirming that the re-
transmission can be completed in the third remaining period of time, the periodic transmission signal is retransmitted.
[0156] Further, when transmitting the nonperiodic transmission signal that is generated at any time, the first remaining
period of time (between t2 and t3) between the time (t2) the transmission request for the nonperiodic transmission signal
is generated in the constant period and the time the next constant period starts, and a period of time required to transmit
the nonperiodic transmission signal are obtained as shown Fig. 9. Then, after confirming that the transmission can be
completed in the first remaining period of time, the nonperiodic transmission signal is transmitted in the range of the
constant period.
[0157] Further, in the case of performing retransmission and transmission of the nonperiodic transmission signal, if a
retransmission request for the periodic transmission signal and a transmission request for the nonperiodic transmission
signal are issued in the same constant period (between t20 and t23) as shown in Fig. 15, the retransmission of the
periodic transmission signal is given priority (t22), and the transmission of the nonperiodic transmission signal is performed
in the next constant period (t24) or thereafter if there is no period of time for transmitting the nonperiodic transmission
signal in the same constant period.
[0158] Further, if the periodic transmission signal fails to be transmitted and cannot be transmitted within the third
remaining period of time, the periodic transmission signal having the content is discarded, and another periodic trans-
mission signal having new content is transmitted in the next constant period.
[0159] Effects obtained by the above-described embodiment will be described.
[0160] Even if a transmission request for the nonperiodic transmission signal or retransmission is generated at any
timing, the schedule unit 117 compares the processing period of time for the nonperiodic transmission data or the
processing period of time for the retransmission data with the remaining period of time of the transmission period to
determine the permission of the transmission request. Accordingly, the periodic transmission signal can be periodically
transmitted with a high degree of accuracy without the influence of the nonperiodic transmission and the retransmission.
[0161] Further, since the transmission timing is automatically adjusted by the schedule unit 117, the nonperiodic
transmission data can be set at the communication LSI 151 at any timing from an application running on the CPU 150.
Accordingly, it is not necessary to sacrifice the development efficiency of an application that sets the nonperiodic trans-
mission data in order to maintain the accuracy of the periodic transmission.
[0162] Further, it is not necessary to set a time slot for the nonperiodic transmission on the network 122. Thus, the
transmission period can be made shorter and the control performance can be improved. Further, if the transmission
period is made excessively short, the failure of the nonperiodic transmission is detected in the procedures of Fig. 7, so
that optimization such as changing the size of the transmission data of the nonperiodic transmission and adjusting the
transmission period can be performed.
[0163] Further, the retransmission becomes available as long as the transmission accuracy of the periodic transmission
can be maintained. Thus, data transmissibility from the communication controller 120 to the control devices 121 can be
improved, and the high reliability and high performance of the control system can be realized.
[0164] Further, the retransmission is given priority over the nonperiodic transmission. Thus, the retransmission can
be performed without the influence of the nonperiodic transmission, and advantages obtained by the retransmission can
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be enhanced.
[0165] It should be noted that in Fig. 11 for showing a typical device configuration of the second embodiment, the
nonperiodic transmission unit 114 is a unit that performs the nonperiodic transmission of a noncontrol command. The
time management unit 116, the retransmission unit 130, the retransmission control unit 131, and the abnormality deter-
mination unit 132 are transmission units that handle a retransmission command when transmission fails. In the explanation
of the present invention, the noncontrol command or the retransmission command are handled as the nonperiodic
transmission signals whereas the control command is handled as the periodic transmission signal. Therefore, the above-
described circuits should be called as nonperiodic signal transmission units in a broader concept. Thus, some circuits
handle the noncontrol command, and other circuits handle the retransmission.

[Third embodiment]

[0166] In a third embodiment, the present invention is carried out mainly by software using general-purpose hardware
as compared to the first embodiment and the second embodiment. The reference numerals and signs used in the third
embodiment are the same as those of the functions and elements described in the first embodiment and the second
embodiment unless otherwise specified.
[0167] An example of a system configured using the communication controller 120 is the same as those in Fig. 3 and
Fig. 4. A hardware configuration of the communication controller 120 is shown in Fig. 16. The communication controller
120 of Fig. 16 is different from that of Fig. 5 in that a LAN 156 is provided instead of the communication LSI 151.
[0168] The LAN 156 is a transceiver IC in which a function of communications with the network 122 is implemented.
As a communication standard provided by the LAN 156, Ethernet or the like is exemplified.
[0169] A software configuration of the present invention including a software configuration running on the CPU 150
of Fig. 16 is shown in Fig. 17.
[0170] In Fig. 17, an OS 160 provides basic functions such as program management and access to hardware. The
OS 160 is not always essential, but is preferably used because the OS 160 provides basic functions such as use of
general-purpose applications and existing software assets, and taskmanagement. Further, it is preferable to use a real-
time OS that can execute task scheduling under time restrictions.
[0171] A device driver 161 provides the LAN 156 with a function of accessing a communication data area, operation
management information, and status information using means to access hardware provided by the OS 160. The device
driver 161 may be a part of the OS 160.
[0172] A library 162 contains collected functions that are frequently used, and provides basic functions such as memory
management, task management, input/output, and file operations, using the functions of the OS 160. As a concrete
example, glibc used in Linux can be given.
[0173] An API 163 is a software interface for using functions provided by the device driver 161 and the OS 160 through
the library 162.
[0174] An application 164 is software that computes a control command value used to control the control devices 121,
and transmits and receives a communication packet using the LAN 156.
[0175] Next, relations between the functional units shown in Fig. 6 and Fig. 11 and the software configuration shown
in Fig. 17 are shown.
[0176] The communication unit 112, the transmission unit 110, and the reception unit 111 are configured using the
LAN 156.
[0177] The nonperiodic transmission unit 114 and the periodic transmission unit 115 are configured using the appli-
cation 164.
[0178] The time management unit 116 is configured using a timer device included in the CPU 150 and functions of
the OS 160 obtained by abstracting the timer device with the device driver 160.
[0179] The schedule unit 117, the data processing time estimation unit 118, and the real-time processing unit 119 are
configured using the library 162 or the OS 160.
[0180] The retransmission unit 130, the retransmission control unit 131, the abnormality determination unit 132, the
time-out determination unit 133, the reply confirmation unit 134, and the WKC confirmation unit 135 are configured using
the application 164, or the library 162 and the OS 160.
[0181] In general, a system using software is lower than that using hardware in the predictability of the processing
period of time. In order to prevent the lowering of the predictability, the schedule unit 117, the data processing time
estimation unit 118, and the real-time processing unit 119 are set as high-priority tasks, and interruption other than that
by a timer device as a hardware resource of the time management unit 116 is preferably prohibited.
[0182] Further, in order to obtain the processing performance of the real-time processing unit 119, it is preferable to
experimentally evaluate the same in advance.
[0183] Effects obtained by the above-described embodiment will be described.
[0184] The present invention can be carried out using general-purpose hardware while obtaining the same effects as
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those in the first embodiment and the second embodiment, and the flexibility of the system architecture can be enhanced.

Claims

1. A communication controller that communicates with one or more control devices (121) via a network (122), the
communication controller (120) comprising:

a nonperiodic transmission unit (114) that generates a transmission request at any time;
a periodic transmission unit (115) that generates a transmission request in a constant period;
a communication unit (112) that communicates transmission data of each of the nonperiodic transmission unit
(114) and the periodic transmission unit (115) with the network (122); and
a schedule unit (117) that: transmits transmission content of the periodic transmission unit (115) to the com-
munication unit (112); computes a communication processing period of time required for a communication
process of the nonperiodic transmission unit (114) having issued the transmission request; obtains a remaining
period of time of the constant period of the periodic transmission unit (115); compares the communication
processing period of time with the remaining period of time of the constant period; and transmits transmission
content of the nonperiodic transmission unit (114) to the communication unit (112).

2. The communication controller according to claim 1, wherein
if the communication processing period of time of the nonperiodic transmission unit (114) having issued the trans-
mission request is shorter than the remaining period of time of the constant period of the periodic transmission unit
(115), the schedule unit (117) transmits the transmission content of the nonperiodic transmission unit (114) to the
communication unit (112).

3. The communication controller according to claim 1 or 2, wherein
the schedule unit (117) obtains a communication processing period of time Tp of the nonperiodic transmission unit
(114) having issued the transmission request, as a sum of a processing period of time Tr calculated using the data
size of the transmission data and a processing performance and a processing period of time Te in the communication
unit (112).

4. The communication controller according to claim 3, wherein
in the case where header data in accordance with the communication protocol of the network (122) are provided to
the transmission data, the processing period of time Tr is obtained in consideration of the processing period of time
required to provide the header data.

5. The communication controller according to any one of claims 1 to 4, wherein
the periodic transmission unit (115) handles a control command that is transmitted from the communication controller
(120) to each control device (121), and the nonperiodic transmission unit (114) handles a request of obtaining
management information and working information that is transmitted from the communication controller (120) to
each control device (121).

6. A communication controller that communicates with one or more control devices (121) via a network (122), the
communication controller (120) comprising:

a nonperiodic signal transmission unit that generates a transmission request at any time;
a periodic transmission unit (115) that generates a transmission request in a constant period;
a communication unit (112) that communicates transmission data of each of the nonperiodic signal transmission
unit and the periodic transmission unit (115) with the network (122); and
a schedule unit (117) that: transmits transmission content of the periodic transmission unit (115) to the com-
munication unit (112); computes a communication processing period of time required for a communication
process of the nonperiodic signal transmission unit having issued the transmission request; obtains a remaining
period of time of the constant period of the periodic transmission unit (115); compares the communication
processing period of time with the remaining period of time of the constant period; and transmits transmission
content of the nonperiodic signal transmission unit to the communication unit (112).

7. The communication controller according to claim 6, wherein
the periodic transmission unit (115) handles a control command that is transmitted from the communication controller
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(120) to each control device (121), and the nonperiodic signal transmission unit includes a nonperiodic transmission
unit (114) that handles a request of obtaining management information and working information that is transmitted
from the communication controller (120) to each control device (121), and a retransmission unit (130) that detects
a transmission failure of the control command by the periodic transmission unit (115) to retransmit the control
command.

8. The communication controller according to claim 7, wherein
the transmission from the retransmission unit (130) is given priority over that from the nonperiodic transmission unit
(114).

9. A communication controller that communicates with one or more control devices (121) via a network (122), the
communication controller (120) comprising:

a nonperiodic transmission unit (114) that generates a transmission request at any time;
a periodic transmission unit (115) that generates a transmission request in a constant period;
a communication unit (112) that communicates transmission data of each of the nonperiodic transmission unit
(114) and the periodic transmission unit (115) with the network;
a schedule unit (117) that transmits transmission content of the periodic transmission unit (115) or the nonperiodic
transmission unit (114) to the communication unit (112);
an abnormality determination unit (132) that determines whether or not the transmission data of the periodic
transmission unit (115) have been normally transmitted from the communication controller (120); and
a retransmission unit (130) that retransmits the transmission content of the periodic transmission unit (115) if
the abnormality determination unit (132) determines as an abnormality in the communications, wherein
the schedule unit (117): transmits the transmission content of the periodic transmission unit (115) to the com-
munication unit (112) ; computes a communication processing period of time required for a communication
process of the nonperiodic transmission unit (114) having issued the transmission request; obtains a remaining
period of time of the constant period of the periodic transmission unit (115); compares the communication
processing period of time with the remaining period of time of the constant period; and transmits the transmission
content of the nonperiodic transmission unit (114) to the communication unit (112) if the communication process-
ing period of time of the nonperiodic transmission unit (114) having issued the transmission request is shorter
than the remaining period of time of the constant period of the periodic transmission unit (115), and
the schedule unit (117): computes a communication processing period of time required for a communication
process of the retransmission unit (130) having issued the transmission request; obtains a remaining period of
time of the constant period of the periodic transmission unit (115); compares the communication processing
period of time with the remaining period of time of the constant period; and transmits the transmission content
of the retransmission unit (130) to the communication unit (112) if the communication processing period of time
of the retransmission unit (130) having issued the transmission request is shorter than the remaining period of
time of the constant period of the periodic transmission unit (115).

10. The communication controller according to claim 9, wherein
the schedule unit (117) transmits the transmission content of the periodic transmission unit (115) to the communication
unit (112), and transmits the transmission content of the nonperiodic transmission unit (114) to the communication
unit (112) if the communication processing period of time of the nonperiodic transmission unit (114) having issued
the transmission request is shorter than the remaining period of time of the constant period of the periodic transmission
unit (115) and if the transmission data of the periodic transmission unit (115) in addition to the retransmission has
been normally transmitted from the communication controller (120), and
the schedule unit (117) transmits the transmission content of the retransmission unit (130) to the communication
unit (112) if the communication processing period of time of the retransmission unit (130) having issued the trans-
mission request is shorter than the remaining period of time of the constant period of the periodic transmission unit
(115).

11. The communication controller according to claims 9 to 10, wherein
the schedule unit (117) transmits the transmission content of the periodic transmission unit (115) to the communication
unit (112), and transmits the transmission content of the nonperiodic transmission unit (114) to the communication
unit (112) if the communication processing period of time of the nonperiodic transmission unit (114) having issued
the transmission request is shorter than the remaining period of time of the constant period of the periodic transmission
unit (115) and if the transmission data have been retransmitted the predetermined number of times, and
the schedule unit (117) transmits the transmission content of the retransmission unit (130) to the communication
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unit (112) if the communication processing period of time of the retransmission unit (130) having issued the trans-
mission request is shorter than the remaining period of time of the constant period of the periodic transmission unit
(115).

12. The communication controller according to any one of claims 9 to 11, wherein
if no acknowledgement is received from the control device (121) before a predetermined period of time elapses
after the periodic transmission, the abnormality determination unit (132) determines the transmission as an abnor-
mality.

13. The communication controller according to any one of claims 9 to 12, wherein
if the transmission content of the nonperiodic transmission unit (114) is not transmitted to the communication unit
(112) within the predetermined number of constant periods, the transmission content of the nonperiodic transmission
unit (114) is deleted.

14. A communication control method for a communication controller (120) that communicates with one or more control
devices (121) via a network (122), wherein:

the communication controller (120) transmits a periodic transmission signal in each of constant periods; and
when a nonperiodic transmission signal generated at any time is transmitted, the communication controller
(120) obtains a first remaining period of time between the time a transmission request for the nonperiodic
transmission signal is generated in the constant period and the time the next constant period
starts and aperiod of time required to transmit the nonperiodic transmission signal, and transmits the nonperiodic
transmission signal within the constant period after confirming that the transmission of the nonperiodic trans-
mission signal can be completed in the first remaining period of time.

15. The communication control method according to claim 14, wherein
if the first remaining period of time is not sufficient to transmit the nonperiodic transmission signal in the constant
25 period in which the transmission request for the nonperiodic transmission signal has been generated, the non-
periodic transmission signal is transmitted in the next constant period or thereafter after confirming a second re-
maining period of time obtained by subtracting the period of time required to transmit the periodic transmission signal
from the constant period and a period of time required to transmit the nonperiodic transmission signal.

16. The communication control method according to claim 14 or 15, wherein
the periodic transmission signal is a control signal for providing an operation instruction to each control device (121),
and the nonperiodic transmission signal generated at any time is a signal related to management of each control
device (121).

17. A communication control method for a communication controller (120) that communicates with one or more control
devices (121) via a network (122), wherein:

the communication controller (120) transmits a periodic transmission signal in each of constant periods; if the
transmission of the periodic transmission signal fails, the communication controller (120) obtains a third remaining
period of time between the time the failure is detected and the time the next constant period starts and a period
of time required to retransmit the periodic transmission signal; and the periodic transmission signal is retrans-
mitted after confirming that the retransmission of the periodic transmission signal can be completed in the third
remaining period of time.

18. The communication control method according to claim 17, wherein
when the nonperiodic transmission signal generated at any time is transmitted, the first remaining period of time
between the time the transmission request for the nonperiodic transmission signal is generated in the constant
period and the time the next constant period starts and a period of time required to transmit the nonperiodic trans-
mission signal are obtained, and the nonperiodic transmission signal is transmitted within the constant period after
confirming that the transmission of the nonperiodic transmission signal can be completed in the first remaining period
of time.

19. The communication control method according to claim 18, wherein
if the retransmission request for the periodic transmission signal and the transmission request for the nonperiodic
transmission signal are received in the same constant period, the retransmission of the periodic transmission signal
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is given priority, and the transmission of the nonperiodic transmission signal is performed in the next constant period
or thereafter.
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